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@ Narrow channel width fet. 

© In the case of a narrow channel width IG-FET whose 
channel region is almost or entirely filled with or occupied 
by impurities diffused from a channel stopper formed to 
surround the IG-FET, an embodiment of the present inven- 
tion enables the IG-FET to be fabricated with a threshold 
voltage at a level substantially the same as that of a conven- 
tional wider channel width IG-FET. Impurities having a con- 
ductivity type opposite to that of impurities diffused from the 
channel stopper are selectively injected at least into the 
channel region of the narrow channel width IG-FET, for 
compensating the diffused channel stopper impurities. Fur- 
ther impurities for channel doping may be employed to 
adjust threshold voltages of narrow and wider channel width 
IG-FETs as usual. 
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1 NARROW CHANNEL WIDTH FET 

The present invention relates to narrow channel 
width FET's. 

Towards achievement of increased packing density 

5 and speed, and in relation to reduction of power 

-consumption of semiconductor integrated circuits (ICs), 

the scaling or size of devices such as transistors in the 

circuits is a major concern for semiconductor IC 

manufacturers. For obtaining increased speed, channel 

10 lengths of IG-FETs (insulated-gate field effect 

transistors ) or MIS-FETs (metal-insulator-semiconductor 

field effect transistors) in integrated circuits have 

been decreased and can approach as little as 1.5 microns, 
further 

• Means af fording / decreases in channel' length are still 
being devised. Further, reductions in channel width are 
being sought in order to decrease power consumption in 
IG-FETs which are not required to offer high speed and 
large current capacity. When the channel width of an 
IG-FET is reduced to a size approaching 2 microns or 

20 less, the threshold voltage of the FET rises as the width 
decreases. This phenomenon of threshold voltage increase 
with narrowing of channel width is believed to have a 
structural cause (W.A.Nobel et al. "Narrow Channel Effect 
in Insulated Gate Field Effect Transistors" Proc . of IEEE 

25 1976 International Electron Devices, p. p. 582-586) and to 
be connected with impurities diffused from a region 
around the channel, particularly impurities which are 
doped into the field for establishing a desired field 
inversion threshold voltage. 

30 Such impurities are selectively doped into the 

field around an active region (transistor region) in 
which an FET is formed. The impurities are diffused 
downwardly in the semiconductor substrate, to be 
distributed below a field oxide layer, during a heat 

^ 5 treatment process used growing the field oxide layer. A 
region doped with such impurities, below a field oxide 
layer, is referred to as a channel stopper. However, 
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1 concurrently with the downward diffusion of the 
impurities, a lateral diffusion, of the impurities into 
the active region occurs. The extent of the lateral 
diffusion corresponds to the depth of the downward 

5 diffusion. Thus, as a result of the lateral diffusion, 
the active region is encroached upon and diminished. 
Since the impurities forming a channel stopper have a 
conductivity type the same as that of the portion of the 
substrate or well in which an associated IG-FET is 
10 formed, the threshold voltage of the associated FET 
increases if the impurity concentration in the channel of 
the FET is increased by the laterally diffused 
impurities. 

A technology known as channel doping may be 

15 employed for ad justing. the threshold voltage of an IG-FET 
to a desired level. By selecting the conductivity type 
and the dosage of channel doping impurities, the FET can 
be characterised as a depletion or enhancement' type, with 
desired conductivity type and threshold voltage. Channel 

20 . doping is sometimes performed relatively deeply into a 
substrate so as to create a well. Impurity concentration 
in the well is controlled to establish a desired 
threshold voltage for an IG-FET formed therein. 

However, with the channel doping technique, a 

25 relatively low dosage of impurities is concurrently 
applied in general to all IG-FETs having the same 
conductivity type, formed on a semiconductor substrate. 
The concentration of impurities arising as a result of 
lateral diffusion as discussed above is higher than that 

30 dealt with in channel doping. Accordingly, if an IG-FET 
having a narrow channel width is formed together with an 
IG-FET having a relatively wider channel width on a 
semiconductor substrate, the threshold voltage increase 
suffered by the narrow channel width IG-FET due to 

35 lateral diffusion cannot be controlled by conventional 
channel doping technology. Thus, a narrow channel width 
IG-FET, having a channel width of 2 microns or less, has 
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not been put into practical use much less incorporated in 
an IC chip including also conventional wider channel 
IG-FETs. 

According to the present invention there is 
provided a method of fabricating a field-effect 
transistor (FET) in a transistor region in a 
semiconductor substrate, the transistor region including 
a channel region destined to have the channel of the FET 
formed therein, comprising 

selectively injecting first impurities, of a 
first conductivity type, into the semiconductor substrate 
around the transistor region } 

subjecting the semiconductor substrate to a heat 
process for diffusing the first impurities, causing the 
first impurities to be distributed throughout or 
throughout a greater part of the channel region; and 

selectively injecting second impurities, of a 
second conductivity type, into the transistor region, so 
that the first impurities in at least the channel region 
are substantially compensated by the second impurities. 

An embodiment of the present invention can provide 
for the prevention of threshold voltage increase in a 
narrow channel width IG-FET. 

An embodiment of the present invention can provide 
for the fabrication of a narrow channel width IG-FET 
which can be put to practical use. 

An embodiment of the present invention can provide 
for the incorporation of a narrow channel width IG-FET 
into an integrated circuit including also a wide channel 
width IG-FET. 

An embodiment of the present invention can provide 
for the fabrication of an IG-FET in a predetermined 
transistor region in a semiconductor substrate, by a 
fabrication method comprising steps of selectively 
injecting first impurities having a first conductivity 
type into the semiconductor substrate around the 
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1 transistor region , subjecting the substrate to a heat 
treatment process for diffusing the first impurities to 
distribute those impurities throughout the channel region 
of the IG-FET, and selectively injecting second 
5 impurities having a second conductivity type into the 
transistor region so that the first impurities in at 
least the channel region are substantially compensated by 
the second impurities. The threshold voltage of the 
IG-FET is adjusted at a desired level by injecting third 

10 impurities into the channel region. 

An embodiment of the present invention can provide 
an insulated gate field effect transistor (IG-FET) having 
a channel whose width is so narrow that the threshold 
voltage of the transistor would be increased by lateral 

15 diffusion of field impurities doped to form a so-called 
channel stopper, wherein the threshold voltage is kept 
down to a desired level even when the channel is entirely 
filled with laterally diffused field impurities. 

Reference is made, by way of example, to the 

20 accompanying drawings, in which :- 

FIGURE 1A is a schematic plan view of an IG-FET 
formed in a transistor region, illustrating a gate 
electrode of the FET and a field oxide layer formed 
around the transistor region; 

25 FIGURES IB and 1C are schematic cross-sectional 

views, taken along the lines A- A and B-B in Figure 1A 
respectively, illustrating a channel stopper formed under 
the field oxide layer and encroaching on the transistor 
region; 

30 FIGURE 2 is a schematic cross-sectional view, 

taken in the channel width direction of an IG-FET having 
a narrow width channel, illustrating the encroachment of 
impurities diffused from a channel stopper formed to 
surround the channel; 

35 FIGURES 3A-3G are respective, schematic, 

cross-sectional views illustrating the fabrication of an 
IG-FET device in accordance with an embodiment of the 
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present invention; and 

FIGURE 4 is a schematic cross-sectional view taken 
in a direction perpendicular to the gate electrode 14b in 
Figure 3F. 

The schematic plan view of Figure 1A, of an IG-FET 
formed in a transistor region 20 , illustrates a gate 
electrode 14 of the FET and a field oxide layer 9 formed 
around the transistor region 20. The schematic 
cross-sectional views of Figures IB and 1C, corresponding 
to lines A- A and B-B in Figure 1A respectively , 
illustrate a channel stopper 8 formed under the field 
oxide layer 9, a semiconductor substrate 1, source or 
drain regions 22a and 22b formed in the substrate 1, and 
gate electrode 14 formed above a channel region 23 on a 
gate insulating layer 13 formed on the substrate 1. 

As shown in Figures IB and 1C, the transistor 
region 20 is partially encroached upon by impurities 
diffused from the channel stopper 8. That is, a designed 
channel width Wl, 10 microns, for example., is reduced to 
a narrower width W2, as shown in Figure 1C. In a channel 
length direction, as shown in Figure IB, lateral impurity 
diffusion exhibits an encroachment on the source or drain 
regions 22a and 22b but does not extend to the channel 
region 23. 

Figure 2 is a schematic cross-sectional view of a 
narrow width channel IG-FET in a channel width direction 
thereof. The extent of the encroachment upon the channel 
width by channel stopper impurities corresponds to the 
thickness of the channel stopper, which is generally 0.8 
to 1 micron. Accordingly, ff a designed channel width Wl 
in Figure 2 is 1.5 microns or less, impurities diffused 
from the channel stopper 8 are distributed throughout the 
channel region, as shown in Figure 2. . Thus, the 
impurity concentration in the channel region becomes much 
higher than that in the substrate 1, and the threshold 
voltage of the narrow channel width IG-FET increases, up 
to 3 volts for example, as compared with a threshold 
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1 voltage of 0.7 volts for an IG-FET whose channel region 
is not fully encroached upon by channel stopper 
impurities (for example an IG-FET as shown in Figures 1A 
and IB) . 

5 Figures 3A-3G are cross-sectional views for 

explaining the fabrication of a semiconductor device in 
accordance with an embodiment of the present invention, 
illustrating steps in a process for fabricating a narrow 
channel width IG-FET together with wider channel width 

10 ig-FETs on a semiconductor substrate. In this case, an 
n-type MOS (metal oxide semiconductor) FET having a 
channel width as narrow as 1.5 microns is involved. The 
narrpw channel width MOS FET is formed in a p-type well 
during a series of processes for providing CMOS 

15 (complementary MOS) FETs having conventional channel 
widths as large as 10 microns. 

Referring to Figure 3A, a thin silicon dioxide 
(Si0 o ) layer 2 with a thickness in the range 500 to 1000 
A is formed on the surface of a low concentration n-type 

20 silicon substrate 1 having specific resistance of 1 ohm, 
for example. Then, using conventional CVD (chemical 
vapor deposition) and photolithographic technologies, 
patterns of silicon nitride (Si 3 N 4 > layers 4a, 4b and 4c 
are formed on the Si0 2 layer 2 so as to cover respective 

25 predetermined regions 3a, 3b and 3c on the surface of the 
substrate 1, those regions being assigned for forming 
therein an n-type MOS FET and a p-type MOS FET, having 
conventional channel widths, and an n-type MOS FET, 
having the narrow channel width, respectively. 

30 a resist layer is. applied to the surface of the 

substrate 1 and patterned to mask the region 3b and the 

periphery thereof, as shown by a broken line in Figure 

3A. Then, boron ions (B + ) with an energy of 160 KeV, for 

13 

example, are implanted to a dose, typically, of 1x10 
35 ions/cm 2 f S o as to create a p-type well 5 in a portion of 
the substrate 1 unmasked by the resist layer. The 
implantation energy of the boron ions (B + ) is such that 
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(and Si0 2 layer 2) 
1 the ions can penetrate the Si 3 N 4 layers 4a and 4c/BUt are 

substantially absorbed by the resist layer. The resist 

layer is then removed and the substrate 1 subjected to an 

annealing process , and thus, a p-type well 5 having a 

5 depth of approximately 3 microns is formed in a portion 

of the substrate. The ion implantation dosage is 

selected with a view to establishing a threshold voltage 

of 0.6-1.0 volts for the- to-be-fabricated n-type MOS PETs 

in the well 5 . 

10 Subsequently a first resist layer 6a is applied to 

the surface of the substrate 1 and patterned to leave 

unmasked the substrate surface corresponding to the well 

5, as shown in Figure 3B. Then, boron ions <B + ) with an 

energy of 25 KeV, for example, are implanted in the 

13 2 

15 unmasked region to a dose, typically, of 5x10 ions/cm . 
During this ion implantation, boron ions (B + ) falling on 
the resist layer 6a are substantially absorbed therein. 
Further, the implantation energy of the boron ions (B ) 
is too low for the ions to penetrate the Si 3 N 4 layer 

20 patterns 4a and 4c but is high enough for the ions to 
pass through the Si0 2 layer 2. Accordingly a selective 
implantation of boron atoms is provided in substrate 
portions 107 at the perphery of the Si 3 N 4 layer patterns 
4a and 4c. 

25 Following the above, the first resist layer 6a is 

removed and a second resist layer 6b is applied to the 

surface of the substrate 1 and patterned so as to 

selectively mask the well region 5, as shown in Figure 

3C. Then, phosphorus ions (P ) with an energy of 60 KeV, 

30 for example, are implanted into unmasked regions to a 

12 2 

dose, typically, of 3x10 ions/cm . During this ion 
implantation, phosphorus ions (P + ) falling on the resist 
layer 6b are substantially absorbed therein. Further, 
the implantation energy of the phosphorus ions (P + ) is 
35 too low for the ions to penetrate the Si^N^ layer pattern 
4b, but high enough for the ions to pass through the Si0 2 
layer 2. Hence, a selective implantation of phosphorus 
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1 ions (P + ) occurs in substrate portions 108 at the 
periphery of the pattern 4b.. 

After the resist layer 6b has been removed, the 
substrate 1 is subjected to a process for producing a 

5 field oxide layer according to a conventional LOCOS 

(local oxidation of silicon) technology. That is, the 

substrate 1 is heated in a wet oxygen atmosphere for 

about 10 hours at approximately 900°C, for example, with 

the Si.,N, layers 4a, 4b and 4c acting as masks. Thus, 
3 4 

10 portions of the surface of the substrate around the Si 3 N 4 
layers 4a, 4b and 4c are selectively oxidized to form a 
thick Si0 2 layer 9, which is conventionally referred to 
as field oxide, as shown in .Figure 3D. During the 

heating process, boron and phosphorus atoms implanted in 

15 the regions 107 and 108 (Figures 3B and 3C), respectively 
are activated to be distributed to a depth of 
approximately 0.8 microns below the field oxide 9, thus 
forming respective diffusion layers 7 and 8. The 
diffusion layers 7 and 8, each being conventionally 

20 referred to as a channel stopper, can improve the field 
threshold voltage characteristics of an IC comprising 
IG-FETs. 

Each of the regions 3a, 3b and 3c is encroached on 
by diffusion layers 7 or 8, i.e. by impurities laterally 

25 diffused from the channel stoppers, as explained above 
with reference to Figures 1A to 1C. . In particular, the 
region 3c, corresponding to an n-type MOS FET having a 
narrow channel width of 1.5 microns, is entirely 
encroached on by the p-type diffusion layer 7 having a 

30 thickness of 0.8 microns. Thus, the impurity 

concentration in the region 3c is almost the same as that 
in the diffusion layer (channel stopper) 7. As a result, 
the threshold voltage of the narrow channel width MOS FET 
to be formed in the region 3c is much higher than that of 

35 the conventional channel width MOS FET to be formed in 
the region 3a, as mentioned above. 

Accordingly, in an embodiment of the present 
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invention, another selective doping of opposite 
conductivity type impurities is employed to compensate 
the impurities diffused in the region 3c from the channel 
stopper 7. That is, in this case, n-type impurities are 
selectively implanted to the region 3c in which a narrow 
channel width MOS FET is to be formed, for compensating 
for the increase in p-type impurity concentration in the 
region. 

Referring to Figure 3E, a resist layer 11 having 
an opening 10 which exposes the region 3c is applied to 
the surface of the substrate 1, and phosphorus 

ions (P + ) with an energy of 180 KeV are selectively 

implanted into the region 3c through the opening 10 to a 

11 12 2 

dose in the range between 1x10 and 1x10 ions/cm . 

The phosphorus n-type impurities as implanted are 

concentrated in a region 12 adjacent to the surface of 

the substrate 1. In the above compensating 

implantation, the field oxide around the region 3c can 

serve as a mask, in addition to * the resist layer 11. 

Therefore, the opening 10 can be designed to be larger 

than the dimensions of the region 3c, and hence, the 

alignment of the opening 10 with respect to the region 3c 

is. facilitated. 

After the above steps, MOS FETs, each having a 

narrow or wide channel, are fabricated in the respective 

regions 3a, 3b and 3c, according to conventional process 

steps. That is, Si^N^ layer patterns 4a, 4b and 4c and 

thin Si0 2 layer 2 are removed, and gate oxide layers 13 

are formed on the surfaces of the substrate regions 

previously defined by the Si^N 4 layer patterns 4a, 4b and 

4c and now exposed through openings in the field oxide 

layer 9. The gate oxide layers can be produced by using 

a conventional thermal oxidation method. Subsequently, 

gate electrodes 14a, 14b and 14c, of polysilicon for 

example, are respectively formed on those regions over 

the respective gate oxide layers 13 as shown in Figure 

3F, by using conventional CVD and photolithographic 
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1 technologies. / 
Following the above, respective heavy dosages of 
n -type and p-type impurities are implanted in the 
substrate 1 and well 5, for providing sources and drains 
5 of the narrow and wider channel width MOS FETs. First, a 
photoresist layer is applied to the surface of the 
substrate 1 and patterned to mask the region 3b 
(indicated in Figure 3A) and the periphery thereof. 
Then, high doses of n-type impurities, arsenic ions 

10 (As + ), for example, are implanted in both of the regions 
3a and 3c (respectively indicated in Figures 3A and 3E), 
wherein each of the gate electrodes 14a and 14c serve as 
masks, in addition to the photoresist layer, during the 
selective implantation of the n-type impurities into the 

15 regions 3a and 3c. Thus, respective source and drain 
regions for narrow and wider channel width n-type MOS 
FETs are provided with high dosage of n-type impurities. 
For the implantation of arsenic ions (As + ), an ion energy 

15 2 ;^'Pv. 

of 70 .KeV and a dosage of 4x10 ions/cm are employed. 

20 The photoresist mask is removed and another 

photoresist layer is applied to the surface of the 
substrate 1 and patterned to expose the region 3b. With 
this new photoresist mask, boron ions (B ), with an 
energy of 25 KeV, are implanted in the region 3b to a 

25 dose of lxlO 15 ions/cm 2 for creating source and drain 
regions of the wider channel width p-type MOS FET. 
Then, ion energy is increased to 180 KeV to perform 
channel doping of the substrate 1 through the gate 
electrode 14b, in relation to this wider channel width 

30 p-type MOS FET. The dosage employed in the channel 
doping is between lxlO 11 and lxlO 12 ions/cm 2 . Figure 4 
is a cross-sectional view taken in a direction 
perpendicular to the gate electrode 14b in Figure 3F. 
Thus, respective implantations of a relatively low 

35 concentration of boron atoms in a channel region 123 and 
of a relatively high concentration of boron atoms in 
respective source and drain regions 122a and 122b for the 
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1 p-type MOS FET to be fabricated in the region 3b are 
achieved as shown in Figure 4. 

Following the above, the substrate 1 is annealed 
to activate the impurities implanted in the regions 3a, 
5 3b and 3c. That is, the arsenic atoms implanted as 
n-type impurities in the regions 3a and 3c and the boron 
atoms implanted as p-type impurities in the region 3b are 
activated to reveal their specific functions as the 
dtains and sources. At the same time, the compensating 
phosphorus atoms concentrated in the region 12 adjacent 
to the surface of the substrate 1 in the region 3c as 
indicated in Figure 3E are activated and distributed to 
provide a channel region 15 as shown in Figure 3G. In 
the channel region 15, the impurities diffused from the 
p-type channel stopper 7 are compensated, and a threshold 
voltage of 0.6 to 1 volt is established for the narrow 
channel width MOS FET which is now formed in the region 
3c, corresponding to. the impurity concentration of the 
well 5. 

Referring again to Figure 4, the boron atoms 
implanted in the regions 122a, 122b and 123 are also 
activated during the above annealing process and 
distributed to provide the source and drain and the 
channel for the p-type wider channel MOS FET formed in 
the region 3b. The arrangement of the regions is 

exemplified by the source and drain regions 22a and 22b 
and the channel region 23 shown in Figure IB. Thus, 
according to an embodiment of the present invention, a 
narrow channel width MOS FET is fabricated to have a 
threshold voltage of 0.7 volts, for example, the same as 
that of wider channel width n-type and p-type MOS FETs 
formed together with the narrow channel width MOS FET on 
a semiconductor substrate, while a field inversion 
threshold voltage is maintained at a level 25 volts or 
larger. 

As indicated with reference to the above-described 
embodiment, impurities diffused from a channel stopper 
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1 and distributed throughout the channel region of an 
IG-FET having a channel width as narrow as. 1.5 microns 
are compensated by opposite conductivity type dopants 
implanted in the channel region, and the threshold 
5 voltage of the IG-FET can be established at a level 
substantially equal to the threshold level of a 
conventional IG-FET having a relatively wider channel 
width, such as 10 microns. In other words, an embodiment 
of the present invention allows a semiconductor 

10 integrated circuit to be designed which includes an 
IG-FET with a channel width as narrow as 1.5 micron or 
less, without regard to the lateral impurity diffusion 
from the channel stopper. 

An embodiment of the present invention can be 

15 applied to the fabrication of a narrow channel width 
IG-FET in a substrate, instead of in a well region as in 
the above-described embodiment. In such a case, channel 
doping for adjusting the threshold voltage of the narrow 
channel width FET may be carried out after the gate 

20 electrode thereof is formed on the channel region, in the 
same general manner as explained with reference to Figure 
4 in which impurities for channel doping are implanted 
into the channel region 123 through the gate electrode 
14b. Further, compensating impurities such as boron ions 

25 may be implanted through the gate electrode, whether the 
narrow channel width IG-FET is formed in a substrate .or a 
well. 

Moreover, an embodiment of the present invention 
can be applied to the fabrication of IG-FETs, in which 

30 the respective conductivity types of the substrate, well 
and impurities for compensation and channel doping are 
opposite to those of the above-described embodiment. 

The compensation can generally be applied to 
IG-FETs other than narrow channel width IG-FETs. 

35 Still further, an embodiment of the present 

invention can be effectively applied to the avoidance of 
a punch-through effect in a short channel length IG-FET. 
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That is, with the channel width of a short channel length 
IG-FET decreased to 2 microns or less, a shallow 
compensating impurity implantation is provided for the 
channel region so as to leave a region containing a high 
concentration of laterally diffused impurities below the 
compensated region. In such a narrow width and short 
channel IG-FET, channel conduction is maintained in the 
shallow compensated region and punch-through in deeper 
regions is prevented due to the high concentration of 
impurities below the compensated region. 

In the above-described embodiment of the present 
invention, the channel region of a narrow channel width 
IG-FET is entirely occupied by the impurities diffused 
from the channel stopper formed. around the FET. However, 
an embodiment of the present invention can also be 
effectively applied to a narrow channel width IG-FET in 
which the channel region is not entirely occupied by such 
laterally diffused high concentration impurities but 
includes a small space of a low impurity concentration, 
between the encroaching laterally diffused channel 
stopper impurities. 

In the case of a narrow channel width IG-FET whose 
channel region is almost or entirely filled with or 
occupied by impurities diffused from a channel stopper 
formed to surround the IG-FET, an embodiment of the 
present invention enables the IG-FET to be fabricated 
with a threshold voltage at a level substantially the 
same as that of a conventional wider channel width 
IG-FET. Impurities having a conductivity type opposite 
to that of impurities diffused from the channel stopper 
are selectively injected at least into the channel region 
of the narrow channel width IG-FET, for compensating the 
diffused channel stopper impurities. Further impurities 
for channel doping may be employed to adjust threshold 
voltages of narrow and wider channel width IG-FETs as 
usual . 
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Claims; 

1. A method of fabricating a field-effect 
transistor (FET) in a transistor region in a 
semiconductor substrate, the transistor region including 
a channel region destined to have the channel of the PET 
formed therein, comprising 

selectively injecting first impurities, of a 
first conductivity type, into the semiconductor substrate 
around the transistor region; J **" 

subjecting the semiconductor substrate to a heat 
process for diffusing the first impurities, causing the 
first impurities to be distributed throughout or 
throughout a greater part of the channel region; and 

selectively injecting second impurities, of a 
second conductivity type, into the transistor region, so 
that the first impurities in at least the channel region 
are substantially compensated by the second impurities. 

2. A method as claimed in claim 1, further 
comprising injecting third impurities into at least the 
channel region, for adjusting the threshold voltage of 
the FET to a desired level. 

3. A method as claimed in claim 2, wherein the 
concentration of the second impurities injected into the 
channel region is substantially equal to the 
concentration of the first impurities in the channel 
region, and the third impurities are. of the second 
conductivity type, such that an FET of second 
conductivity depletion type can be provided. 

4. A method as claimed in claim 2, wherein the 
third impurities are of the first conductivity type and 
the concentration of second impurities injected into the 
channel region is equal to or greater than the 
concentration of the first impurities in the channel 
region and less than the sum of the respective 
concentrations of the first and third impurities in the 
channel region, such than an FET of first conductivity 
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enhancement type can be provided, 

5. A method as claimed in claim 4, wherein the 
third impurities are injected so as to be distributed 
deeper into the substrate than the first impurities, 
thereby to provide a well of the first conductivity type 
in the semiconductor substrate, for forming therein the 
FET. 

6* A method as claimed in .any preceding claim, 
wherein either the first and/or the second impurities are 
ion injected. 

7. A method as claimed in claim 2, 3, 4 or 5, or 
claim 6 when read as appended to claim 2, 3, 4 or 5, 
wherein the third impurities are ion injected. 

8. A method as claimed in claim 7 f further 
comprising: 

forming an insulating layer on the transistor 
region; and 

subsequently forming a gate electrode on the 
channel region, above the insulating layer, 

the third impurities being ion injected into the 
channel region through the gate electrode and the 
insulating layer. 

9. A method as claimed in any preceding claim, 
wherein the width of the channel region, is less than 2 
microns. 

10. A method as claimed in claim 9, wherein the 
FET is formed on the substrate together with another FET 
having a channel region wider than 2 micron. 
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